Selenium is both an essential microneutrient and a highly toxic element to most mammalian species, including humans. [1] [2] [3] [4] For example, selenium compounds have been reported to have anticarcinogenic activity and to prevent heavy-metal toxic effects. [5] [6] [7] On the other hand, an excessive intake of selenium can lead to toxic responses, including alkali disease and blind staggers. 7 Arsenic compounds are widely used and have long been recognized as toxicants. [8] [9] [10] Also, trace concentrations of As can affect the physical and mechanical properties of metals and metal alloys. 11 The toxicity, availability and environmental mobility of selenium and arsenic are very much dependent on their chemical forms. 10, 12, 13 Selenium and arsenic can exist in a variety of oxidation states and in organic and inorganic forms. In many environmental matrices, such as natural water and soils, [14] [15] [16] [17] the predominant oxidation states of selenium are Se(IV) and Se(VI), whereas those of arsenic are As(III) and As(V). Therefore, precise knowledge of the selenium and arsenic compounds present in a system is required for an accurate assessment of the environmental and biological impact of selenium and arsenic, which have resulted in an increasing need of analytical methods for their determination at microtrace or even ultra-trace levels. Although an excellent group of papers has been published 2, 3, 7, 11, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] describing sensitive techniques used for the indirect spectrophotometric determination of Se and As, spectrophotometry still represents an attractive technique for the determination of metal ions in aqueous media because of its simplicity, being inexpensive and more readily available. Therefore, the present investigation aims to present a sensitive, simple, and rapid procedure for the indirect spectrophotometric determination of Se(IV) and As(V) after reduction with KI in an HCl medium, extracting the equivalent iodine with HOL surfactant and measuring the I2-HOL system at 435 nm.
Experimental

Reagent
Analytical-grade chemicals and doubly distilled water were used for preparing all of the solutions used in this study. A selenium(IV) stock solution (1000 mg dm -3 ) was prepared from SeO2 by dissolving an appropriate amount in water. An arsenic(V) stock solution (1000 mg dm -3 ) was prepared from Na2HAsO4 by dissolving a defined amount in 0.3 mol dm -3 HCl. The standard stock solutions were stored in glass bottles and kept in a refrigerator. Working solutions were prepared daily by diluting the stock solutions. An iodine stock solution (1000 mg dm -3 ) was prepared from resublimed iodine by dissolving the required amount in a saturated KI solution and standardized before use against standard sodium thiosulfate. A potassium iodide stock solution (20%) was prepared in doubly distilled water. An EDTA stock solution (1%) was prepared from its disodium salt in doubly distilled water. An oleic acid stock solution (6.36 × 10 -2 mol dm -3 ) was prepared by dispersing 20 cm 3 from food grade, with sp. gr. 0.895 in 1 dm 3 kerosene.
Apparatus
Glassware used in each procedure was soaked overnight in a chromic mixture (K2Cr2O7 + concentrated H2SO4), rinsed thoroughly with doubly distilled water and dried in dust-free air. A Shimadzu 240 UV spectrophotometer with a 1 cm silica cell was used for all spectral and absorbance measurements. The flotation cell used was a graduated cylindrical tube of 16 A simple, rapid and selective procedure for the indirect spectrophotometric determination of Se(IV) and As(V) has been developed. It is based on the reduction of Se(IV) to Se(0) and As(V) to As(III) with hydroiodic acid (KI + HCl). The liberated iodine, equivalent to each analyte, is quantitatively extracted with oleic acid (HOL) surfactant. The iodine-HOL system exhibits its maximum absorbance at 435 nm. The different analytical parameters affecting the extraction and determination processes have been examined. The calibration graphs were found to be linear over the ranges 5 -120 and 0.25 -20 ppm of Se(IV) and As(V), with lower detection limits of 2.5 and 0.15 ppm and molar absorptivities of 1 × 10 4 and 0.5 × 10 4 dm 3 mol -1 cm -1 , respectively. Sandell's sensitivity was calculated to be 0.0078 and 0.0149 µg/cm 2 in the same order. The relative standard deviation for five replicate analyses of 40 ppm Se(IV) and 4 ppm As(V) were 1.0 and 0.9%, respectively. The proposed procedure in the presence of EDTA as a masking agent for foreign ions has been successfully applied to the determination of Se(IV) in a reference sample and As(V) in copper metal, in addition to their determination in spiked and polluted water samples.
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and a quick-fit stopper at the stop. The pH of the solutions was measured using an Orion 330 digital pH meter.
Recommended procedure Extraction and determination of iodine.
An aliquot solution (10 cm 3 ) containing 1 cm 3 of 1% EDTA and a defined amount of iodine in 0.01 mol dm -3 HCl was introduced into a flotation cell. To this solution, 3 cm 3 of 1 × 10 -3 mol dm -3 HOL was added; the flotation cell was then gently inverted upside down twenty times by hand. After 1 min standing (which was sufficient for a quantitative extraction of iodine) the oleic acid layer was transferred into a glass cell and measured at 435 nm against HOL as a blank. A calibration curve was constructed using different iodine concentrations of up to 120 ppm.
Determination of Se(IV) and As(V).
An aliquot solution (10 cm 3 ) containing a definite concentration of Se(IV) and 3 cm 3 of 20% KI in 0.75 mol dm -3 HCl or of As(V) and 4 cm 3 of 20% KI in 4 mol dm -3 HCl in the presence of 1 cm 3 (1%) EDTA for each analyte was introduced into a flotation cell. After standing for 15 min in the dark to ensure complete reduction of the analytes, 3 cm 3 of 1 × 10 -3 mol dm -3 HOL was added. The above procedure for the extraction and determination of iodine was then followed. The calibration curves were constructed by plotting the concentration of Se(IV) up to 120 ppm or that of As(V) up to 20 ppm versus the absorbance of the equivalent iodine extracted in each case. Therefore, the concentration of each analyte was obtained from the corresponding calibration curve. Unless otherwise stated, all of the measurements were carried out at room temperature (∼25˚C).
Results and Discussion
Extraction and determination of iodine Absorption spectra.
The absorption spectrum of iodine in both aqueous and oleic acid solutions is graphically presented in Fig. 1 . As can be seen, the extracted iodine has its maximum absorbance at 435 nm. Moreover, comparing the graphs of the I2-HOL and I2-H2O systems shows that HOL enhanced the absorbance of I2, which may have led to an increase in the sensitivity of the proposed procedure for the determination of Se(IV) and As(V). This agrees well with the literature data, that the presence of surfactants stabilizes the extracted colored compounds 28 and enhances the performance. 29 
Effect of acidity.
An extensive series of experiments was conducted using 25 ppm of I2 and 1 × 10 -3 mol dm -3 HOL at different concentrations of HCl. This was done in an effort to establish the optimum acidity for the quantitative extraction of iodine, which corresponds to the maximum absorbance. It was observed that the maximum extractability (∼100%) of iodine was attained in a neutral or mildly alkaline (pH 8) medium and in an acidic medium of up to 4 mol dm -3 HCl. If the pH was too alkaline, the extractability decreased which agrees well with the literature data 30 that I2 disproportionates to hydroiodate and iodine, I2 + 2OH -= IO -+ I -+ H2O. Effect of the surfactant concentration. Figure 2 shows the extractability of 25 ppm of iodine in 0.01 mol dm -3 HCl as a function of the HOL concentration. The data show that the maximum extractability of I2 (∼100%) is obtained over a wide concentration range of 1 × 10 -6 to 5 × 10 -3 mol dm -3 HOL. Therefore, 1 × 10 -3 mol dm -3 HOL was fixed throughout other measurements.
Effect of foreign ions.
The influence of some selected cations and anions on the extraction efficiency of iodine from aqueous solutions was investigated under the optimum conditions. The obtained data are listed in Table 1 . It has been found that most ions have no effect on the extractability of iodine in the presence of 1 cm 3 of 1% EDTA. Only SCN -, CN -, and SO3 2- interfere. Thus, this method is to some extent free from interference, and can be applied to indirect spectrophotometric determinations of Se(IV) and As(V).
Indirect determinations of Se(IV) and As(V)
It is well established 31 that both Se(IV) and As(V) are reduced by hydroiodic acid (KI + HCl) to a red precipitate of Se(0) and As(III), respectively, according to:
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ANALYTICAL SCIENCES OCTOBER 2001, VOL. 17 Fig. 1 Absorption spectrum of the I2-HOL ( ) system against HOL as a blank and I2-H2O ( ) system against H2O as a blank. Therefore, Se(IV) and As(V) are found by determining the extracted iodine equivalent to each analyte.
Effect of acidity.
The extraction of iodine equivalent to Se(IV) reduction was carried out at different concentrations of HCl; the results are shown in Fig. 3 . The maximum extraction (∼100%) of iodine occurs at 0.75 mol dm -3 HCl. A parallel series of experiments was conducted to extract iodine equivalent to As(V) reduction. The results are presented in Fig. 4 . It was found that a quantitative extraction of iodine occurs at 4.0 mol dm -3 HCl. Therefore, 0.75 and 4.0 mol dm -3 HCl concentrations were recommended for indirect spectrophotometric determinations of Se(IV) and As(V), respectively. Effect of KI concentration. Figure 5 shows the extraction percentage of iodine equivalent to 20 ppm Se(IV) at 0.75 mol dm -3 HCl and 2 ppm As(V) at 4.0 mol dm -3 HCl as a function of the KI concentration in the presence of 1 × 10 -3 mol dm -3 HOL. As can be seen, the extraction efficiency reaches its maximum value (∼100%) at 3.0 and 4.0 cm 3 of 20% KI for Se(IV) and As(V), respectively. Therefore, these volumes are recommended for subsequent measurements of Se(IV) and As(V).
To confirm the applicability of the proposed procedure to some real samples using the recommended volume of KI, another series of experiments was conducted using different concentrations of Se(IV) and As(V). It was found that 3 and 4 cm 3 of 20% KI are suitable volumes for the indirect spectrophotometric determination of Se(IV) and As(V) in the ranges 5 -120 and 0.25 -20 ppm, respectively.
Effect of foreign ions on Se(IV) and As(V) determination.
To ensure the validity of the proposed procedure for the determination of Se(IV) and As(V), the effect of some selected foreign ions in the presence of EDTA was studied. The results are given in Table 2 . It is clear that most of the investigated ions had no appreciable effect on the extraction efficiency of iodine, and hence the determination of both analytes.
Calibration curves and sensitivity.
Under the recommended conditions, the systems obey Beer's law over the concentration ranges of 5 -120, 5 -120 and 0.25 -20 ppm of iodine, selenium and arsenic, with 3σ detection limits of 2.5, 2.5 and 0.15 ppm, respectively. Their molar absorptivities are 1.6 × 10 4 , 1 × 10 4 , and 0.5 × 10 4 dm 3 mol -1 cm -1 , and the correlation coefficients are 0.999, 0.998, and 0.999, respectively. Sandell's sensitivities were calculated to be 0.0158, 0.0078 and 0.0149 µg/cm 2 in the same order. Good recoveries of the analytes were attained (Table 3) with relative standard deviations of 1.5, 1.0 and 1.0% for 40, 40 and 4.0 ppm of I2, Se(IV) and As(V), respectively.
Effect of time.
The minimum time required for complete reduction of either Se(IV) or As(V) was 15 min. The absorbance at 435 nm was constant within 4 -6 h. The total time required for one determination was about 20 min. Therefore, the proposed procedure is rapid in comparison with some other methods. a. In the presence of 1 cm 3 of (1%) EDTA.
Application
Iodine In order to investigate the applicability of this procedure to natural-water samples, the recoveries of known amounts of iodine, added to filtered uncontaminated water samples, were examined by the above procedure. The results are given in Table 4 . They demonstrated that the procedure is applicable to the analysis of iodine in different natural-water samples, and had a satisfactory recovery with a relative standard deviation of 1.8% at a concentration of 10 ppm I2.
Selenium(IV)
The elaborated procedure was applied to the determination of Se(IV) in spiked drinking, sea and polluted water as well as in a standard reference synthetic sample. For polluted water, a 250 cm 3 solution was heated with a 10 cm 3 portion of (1:1) perchloric and aqua regia to dryness. The residue was dissolved and completed to 25 cm 3 with 4 mol dm -3 HCl. Then, 5 cm 3 of this solution was analyzed as previously mentioned. Also, Se(IV) in a reference synthetic sample (NISTSRM-898, Nibased high temperature alloy) consisted of 1 g containing: Ni, Balance; Cr, 12%; Co, 8.5%; Al, 2.0%; Ti, 2.0%; W, 1.75%; Hf, 1.2%; Nb, 0.9%; Zr, 1% and Se 2 µg was analyzed. The obtained results are listed in Table 5 and are in good agreement with the reported method. 32 
Arsenic(V)
A parallel series of experiments, similar to those for Se(IV) was conducted for the determination of As(V) in different water samples. For the determination of As(V) in copper metal (kindly provided by General Chemical & Pharmaceutical Sudbury; Middlesex, England), a 1 g sample was dissolved, as has been described. 11 In this work, copper was removed by precipitation as copper hydroxide, 11 since EDTA as a masking agent does not minimize the interference for a very high concentration of copper. However, the precipitation of copper hydroxide, followed by filtration, was employed. The filtrate was analyzed for As(V) by the recommended procedure, and the concentration was calculated from the preconstructed calibration curve. The obtained results (Table 6 ) agree well with the certified value.
Conclusion
This investigation developed a simple, rapid and sensitive procedure for the indirect spectrophotometric determination of Se(IV) and As(V) in different matrices. The method is based on the reduction of both Se(IV) and As(V) by iodide in an HCl medium in the presence of EDTA, followed by a spectrophotometric determination of the equivalent iodine in the oleic acid layer directly after its extraction. Moreover, the procedure is free from any interference and is less time consuming compared with other reported methods. 
